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(54) SOLID ELECTROLYTE FUEL CELL 

(57)Abstract: 

PURPOSE: To suppress the diffusion of Cr from a 
structural material without thickening a surface 
protective layer and prevent the activity reduction of an 
electrode by forming the specific surface protective 
layer on the surfaces of oxidant gas passages in a solid 
electrolyte type fuel cell having a prescribed structure. 
CONSTITUTION: A cell 4 arranged with a fuel electrode 
3 and an oxidant electrode 2 face to face via a solid 
electrolyte 1 and a separator 7 made of a heat- 
resistant alloy containing at least Cr and having oxidant 
gas passages 6 are laminated to form this solid 
electrolyte type fuel cell. A surface protective layer 
made of an oxide A easily reacted with Cr is formed on 
the surfaces of the oxidant gas passages 6 of the 
separator 7, where A is a combination of one or more 
elements selected among Ca, Sr, Ba, Y, La, Ce. 
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* NOTICES * 




Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to amelioration of the separator in detail about a 

solid oxide fuel cell. 

[0002] 

[Description of the Prior Art] Since a fuel cell transforms the chemical energy of the gas 
supplied into direct electrical energy, high generating efficiency is expected. When use of waste 
heat is included, especially a solid oxide fuel cell has the advantage of being able to raise 
generating efficiency compared with a phosphoric acid fuel cell and a fused carbonate fuel cell, in 
order to carry out [ which it says is about 1000 degrees C ] operating at high temperatures. 
Therefore, a solid oxide fuel cell attracts attention as a fuel cell of the third generation which 
ranks second to a phosphoric acid fuel cell and a fused carbonate fuel cell, and is studied in each 
field. Although cylindrical preceded development of such a solid oxide fuel cell until now, 
development of the monotonous mold solid oxide fuel cell the increment in the generating 
efficiency per unit volume is expected to be is in the limelight now. 

[0003] Drawing 7 is the decomposition perspective view showing the basic configuration of the 
conventional monotonous mold solid oxide fuel cell, and is the structure to which two or more 
laminatings of the eel 1 4 which arranges the oxidizer pole 1 2 and a fuel electrode 1 3 on both 
sides, and grows into them through the solid electrolyte plate 1 1, and the separator 17 which has 
the oxidizer gas passageway 1 5 and the fuel gas path 1 6 were carried out by turns. Here, the 
separator 17 has the role which connects each eel 14 electrically and separates the reactant gas 
by the side of the oxidizer pole 12 and a fuel electrode 13. As a property required of this kind of 
separator, it is (1). Gas impermeability (compactness) and (2) Good conductivity and (3) Good 
thermal conductivity and (4) It is mentioned that it can fabricate with a sufficient precision 
(homogeneity of thickness) etc. such (1) - (4) conditions are fulfilled and processing is 
comparatively easy — etc. — in recent years, promising ** of the heat-resistant-alloy 
separators, such as a nickel-Cr~Fe system containing chromium, is carried out rather than the 
ceramic separator from the reason. 

[0004] However, when said heat-resistant-alloy separator is used, in order that the chromium 
contained in an alloy separator at the about 1000-degree C elevated temperature which is the 
operating temperature of a solid oxide fuel cell may move by thermal diffusion etc., it is Cr 203 
to a separator front face. The oxide layer made main is formed. In 1000-degree C air, it is the 
following reaction formula (1). The vapor pressure of Cr03 (g) to generate is 1.4x10-5 (atm). It 
was as high as extent, and it volatilized in the condition of Cr03 (g), and the chromium contained 
in an oxide layer had the problem that the electrode activity of an oxidizer pole fell, in order to 
diffuse the inside of oxidizer gas and to mix in an oxidizer pole. 
[0005] 

Cr 203 (s) +3 / 202 (g) =2Cr03 (g) (1) Conventionally, on the oxidizer pole side front face of an 
alloy separator, by approaches, such as a plasma metal spray method and a spreading thermal 
decomposition method (La, Sr) Mn03, CoO (La, Sr)3 (La, Sr), and Cr03 etc. — the precise 
surface protective layer which consists of the conductive ceramics was formed, and diffusion of 
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the chromium from an alloy l^^face was controlled. However, althou^^f precise surface 
protective layer can be formed in the rib part of the alloy separator which touches an oxidizing 
agent pole by the describing [ above ] plasma metal spray method, it is difficult for the oxidizing 
agent gas-passageway part of an alloy separator to form a surface protective layer in 
homogeneity. Here, only from the rib part which touches an oxidizing agent pole, since diffusion 
of the chromium from an alloy separator front face took place also from the oxidizing agent gas- 
passageway part formed between ribs, it was not fully able to control diffusion of the chromium 
from an oxidizing agent gas-passageway part by the above-mentioned approach. 
[0006] then, MnO (La, Sr)3 etc. — the conductive ceramics is slurred and the method of making 
a surface protective layer form also in an oxidizer gas-passageway part at homogeneity is 
proposed by applying this to the oxidizer pole side front face of an alloy separator. However, the 
surface protective layer formed when a slurry is applied is porosity, and like the describing 
[ above ] plasma metal spray method, since it is not precise, chromium diffuses it through the 
hole of a surface protective layer. Therefore, the matter (La 203 etc.) which is easy to react is 
mixed with the chromium other than the conductive ceramics about several 10%. 
[0007] 

[Problem(s) to be Solved by the Invention] However, since the matter (La 203 etc.) which the 
conductive ceramics is a subject and controls the reaction of chromium is mixed only about 
several 10% in order that the above-mentioned conventional surface protective layer may secure 
the conductivity of the rib part of an alloy separator, and an oxidizer pole, diffusion of the 
chromium from an alloy separator cannot fully be controlled. In this case, in order to fully control 
diffusion of chromium, it is necessary to thicken thickness of a surface protective layer but, and 
if the surface protective layer of an oxidizer gas-passageway part is thickened especially, it is 
not desirable in order for a surface protective layer to separate and for oxidizer gas to close an 
oxidizer gas passageway. 

[0008] This invention aims at offering the solid oxide fuel cell which can fully control diffusion of 
the chromium from the oxidizer gas-passageway part of an alloy separator in view of the above- 
mentioned technical problem, without thickening thickness of a surface protective layer. 
[0009] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, 
invention of this claim 1 In the solid oxide fuel cell of the structure where the laminating of the 
eel in which a fuel electrode and an oxidizer pole carry out phase opposite through a solid 
electrolyte, and the separator which consists of the heat-resistant alloy which contains 
chromium at least, and has an oxidizer gas passageway was carried out A oxide [A which is easy 
to react with chromium shows the combination of at least 1 chosen from calcium, Sr, Ba, Y, La, 
and Ce, or 2 or more elements to the front face of the oxidizer gas passageway of said 
separator. ] since — it is characterized by having formed the surface protective layer which 
changes. 

[0010] Invention of this claim 2 moreover, the solid oxide fuel cell of said this claim 1 While 
having further the gas connector which consists of the heat-resistant alloy which contains 
chromium at least, and has an oxidizer gas passageway, and oxidizer gas feeding-and-discarding 
piping which consists of the heat-resistant alloy which contains chromium at least, and carries 
out the feeding and discarding of the oxidizer gas to said gas connector A oxide [A which is easy 
to react with chromium shows the combination of at least 1 chosen from calcium, Sr, Ba, Y, La, 
and Ce, or 2 or more elements to the front face of the oxidizer gas passageway of said gas 
connector, and the inner skin of oxidizer gas feeding-and-discarding piping. ] since — it is 
characterized by having formed the surface protective layer which changes. 
[0011] 

[Function] First of all, since the part (namely, oxidizing agent gas passageway) into which it 
dented between ribs does not touch an oxidizing agent pole, its conductivity is unnecessary [ in 
order to touch an oxidizing agent pole, conductivity is required for the rib part of an alloy 
separator, but ]. According to the configuration of invention of this above-mentioned claim 1, the 
surface protective layer to which conductivity becomes the part cut among unnecessary only 
from A oxide was formed. This A element has an ionic radius larger than chromium, and goes into 
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A site of a perovskite mold o^^Cgeneral formula AB03). The chromiu^^^ the oxide layer (it is 
mainly concerned with Cr 203) formed in the oxidizer gas-passageway part on the front face of 
a separator reacts with A oxide, and changes to perovskite mold oxide (ACr03) even with a 
1000-degree C stable elevated temperature. When using La 203, CaO, and SrO as an A oxide, 
specifically, it is the following reaction formula (2). - (4) They are LaCr03, CaCr03, and SrCr03, 
respectively so that it may be shown. A stable perovskite mold oxide generates. 
[0012] 

Cr 203 (s) +La 203 (s) = 2LaCr03 (s) (2) Cr2 03 — therefore, (s) +2 — CaO (s) +1/2 02 (g) 
=2CaCr03 (s) (3) Cr 203 (s) +2 — SrO (s) +1/2 02 (g) =2SrCr03 (s) (4) Above (1) Cr03 by the 
formula (g) Since generating is controlled, diffusion of the chromium from an alloy separator front 
face to the inside of an oxidizer pole is controlled. Moreover, the above (1) Cr03 generated by 
the formula A steam is for example, the following reaction formula (5) by the particle in the 
above-mentioned surface protective layer. Since the vapor pressure is greatly reduced so that it 
may be shown, diffusion of the chromium from a surface protective layer to an oxidizer pole is 
also controlled. 
[0013] 

2CrO(s)3 (g) +La 203 (s) =2LaCr03 (s) +3/2 02 (5) In this way the surface protective layer of 
this invention Diffusion of the chromium from an alloy separator can fully be controlled by about 
several 10-micrometer thinness, without thickening a surface protective layer, since it consists 
only of chromium and A oxide which is easy to react and the conductive ceramics is not mixed 
like before. Therefore, since the electrode activity fall by chromium mixing can be suppressed 
and loss by increase of the internal resistance of a cell can be mitigated, generating efficiency 
high to stability for a long period of time is maintainable. Moreover, since a surface protective 
layer does not have a fear of separating by oxidizer gas thinly enough, problems, such as closing 
an oxidizer gas passageway, are not produced, either. 

[0014] Moreover, also in the cell equipped with oxidizer gas feeding-and-discarding piping which 
carries out the feeding and discarding of the oxidizer gas to the oxidizer gas passageway of the 
gas connector which equipped the oxidizer pole of each eel with the oxidizer gas passageway 
which carries out the feeding and discarding of the oxidizer gas, and this gas connector, the 
heat-resistant alloy which contains chromium at least is used by a gas connector and oxidizer 
gas feeding-and-discarding piping like said alloy separator. Therefore, there is a problem that 
diffusion of chromium arises from a gas connector or oxidizer gas feeding-and-discarding piping 
as well as the above. Since according to the configuration of invention of this above-mentioned 
claim 2 the same surface protective layer as said alloy separator was formed also in the front 
face of the oxidizer gas passageway of a gas connector, and the inner skin of oxidizer gas 
feeding-and-discarding piping and the electrode activity fall by chromium mixing from a gas 
connector or oxidizer gas feeding-and-discarding piping can also be suppressed, generating 
efficiency high to stability much more for a long period of time is maintainable. 
[0015] 
[Example] 

[Example 1] The solid electrolyte plate 1 (magnitude 15cmx15cm, thickness of 0.2mm) which 
drawing 1 is the sectional view of the solid oxide fuel cell concerning one example of this 
invention, and consists of 3mol% yttria addition partially stabilized zirconia is minded. The oxidizer 
pole 2 which consists of La0.9 Sr0.1 Mn03~YSZ, While pinching with the separator 10 for fuel 
gas which formed the fuel gas path 9 with the separator 7 for oxidizing agent gas and two or 
more ribs 8 which formed the oxidizing agent gas passageway 6 for the eel 4 which the fuel 
electrode 3 which consists of NiO-YSZ is arranged, and changes with two or more ribs 5 The gas 
connector 13 which has the fuel gas path 1 1 and the oxidizer gas passageway 12 is formed in the 
base of the separator 10 for fuel gas, and the fuel gas charging line 14 and the oxidizer gas 
supply piping 15 are connected to this gas connector 13, respectively. The sealant 16 which 
consists of non-conductive hyperviscous melt, such as Pyrex glass, was made to intervene 
between electrode the non-applying side of the solid electrolyte plate 1, and a separator 7-10, 
and between a separator 10 and the gas connector 13. Moreover, between the oxidizer pole 2 
and a separator 7, the platinum network 17 has been arranged as a charge collector, and the 
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nickel felt 18 has been arran. 



etween a fuel electrode 3 and a separa£>r 10. 




[0016] Said separator 7-10, the gas connector 13, and the oxidizer gas supply piping 15 
consisted of the heat-resistant alloy of the following presentations, and were produced by 
cutting polish processing etc. 

Cr 16wt%nickel 76wt%Fe Less than [ 8wt% ] and the production approach of a cell are explained 
concretely. 

[0017] First, it is the following, and the above-mentioned eel 4 was made and produced. The 
eight mol % yttria addition fully-stabilized-zirconia (YSZ) powder of 0.5 micrometers of mean 
diameters and the nickel oxide powder of 1 micrometer of mean diameters were prepared as a 
raw material of a fuel electrode 3, it mixed so that these might be set to 1:1 by the weight ratio 
at the time of nickel oxide reduction, and it slurred using a terpineol solvent and PVB, and 
considered as the slurry for fuel electrodes. 

[0018] On the other hand, it is La0.9 Sr0.1 Mn03 with a mean particle diameter of 1 micrometer 
as a raw material of the oxidizer pole 2. Powder and YSZ powder with a mean particle diameter 
of 1 micrometer were prepared, it mixed so that these might be set to 8:2 by the weight ratio, 
and it slurred like said fuel electrode 3, and considered as the slurry for oxidizer poles. After 
having applied said slurry for fuel electrodes to one field of said solid electrolyte plate 1 so that 
it might become 50 micrometers in thickness, and making it dry, it calcinated at 1250 degrees C 
among air for 2 hours. Then, after having applied said slurry for oxidizer poles to the field of 
another side of said solid electrolyte plate 1 so that it might similarly become 50 micrometers in 
thickness, and making it dry, it calcinated at 1 100 degrees C among air for 4 hours, and the 
above-mentioned eel 4 was produced. 

[0019] Next, as shown in drawing 2 (a), two kinds of surface protective layer A-X was formed in 
the front face of the separator 7 for oxidizer gas. 

(Formation of the surface protective layer A) Mean particle diameter 0.2-micrometer La 203 
Powder was slurred using a terpineol solvent and PVB and was made into the slurry A for 
surface protections. Next, applied to the front face of the oxidizing agent gas passageway 6 
formed between the ribs 5 of the separator 7 for oxidizing agent gas so that it might become 20 
micrometers in thickness about said slurry A for surface protections, and it was made to dry, and 
the surface protective layer A was formed. 

(Formation of the surface protective layer X) La0.9 Sr0.1 Cr03 with a mean particle diameter of 
1 micrometer Powder and La 203 with a mean particle diameter of 0.2 micrometers Powder was 
prepared, it mixed so that these might be set to 8:2 by the weight ratio, and it slurred using a 
terpineol solvent and PVB, and considered as the slurry B for surface protections. Next, applied 
to rib 5 front face of the separator 7 for oxidizing agent gas so that it might become 50 
micrometers in thickness about said slurry X for surface protections, and it was made to dry, and 
the surface protective layer X was formed. 

[0020] Furthermore, as shown in drawin g 1 , applied said slurry A for surface protections also to 
the front face of the oxidizer gas passageway 12 of the gas connector 13, and the inner skin of 
the oxidizer gas feeding-and-discarding piping 15 so that it might become 20 micrometers in 
thickness, and it was made to dry, and the surface protective layer A was formed. Finally, the 
cell was assembled using the separator 7, the gas connector 13, and the oxidizer gas feeding- 
and-discarding piping 15 in which the surface protective layer was formed. 
[0021] Thus, the produced cell is called the (A) cell below. 

[Example 2] Only by forming said surface protective layer A-X in the front face of the separator 
7 for oxidizer gas, the surface protective layer A was not made to form in the front face of the 
oxidizer gas passageway 12 of the gas connector 13, and the inner skin of the oxidizer gas 
feeding-and-discarding piping 15, and also the cell was produced like the above-mentioned 
example 1. 

[0022] Thus, the produced cell is called the (B) cell below. 

[Example 1 of a comparison] As shown in drawing 2 (b), while applied to rib 5 front face of the 
separator 7 for oxidizing agent gas so that it might become 50 micrometers in thickness about 
said slurry X for surface protections, making it dry and forming the surface protective layer X, 
the slurry X for surface protections was applied also to the front face of the oxidizing agent gas 
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passageway 6 of a separator 




that it might become 20 micrometer 




thickness, it was dried, 



and the surface protective layer X was formed in it. Moreover, the slurry X for surface 
protections was applied also to the front face of the oxidizer gas passageway 12 of the gas 
connector 13, and the inner skin of the oxidizer gas feeding-and-discarding piping 15 so that it 
might become 20 micrometers in thickness, made it dry, and the surface protective layer X was 
formed, and also the cell was produced like the above-mentioned example 1. 
[0023] Thus, the produced cell is called the (X) cell below. 

[Example 2 of a comparison] Drawin g 2 (c) It is La0.9 Sr0.1 Cr03 by the plasma metal spray 
method to the front face of the separator 7 for oxidizer gas so that it may be shown. While 
forming a layer so that it may become the thickness of 50 micrometers Also to the front face of 
the oxidizer gas passageway 12 of the gas connector 13, and the inner skin of the oxidizer gas 
feeding-and-discarding piping 15, it is La0.9 Sr0.1 Cr03 by the plasma metal spray method. The 
layer was formed so that it might become the thickness of 50 micrometers, and also the cell was 
produced like the above-mentioned example 1. 
[0024] Thus, the produced cell is called the (Y) cell below. 

[Experiment 1] Since the continuous discharge trial was performed using the (A) cell and (B) the 
cell of above-mentioned this invention, and the (X) cell and (Y) cell of the example of a 
comparison, the result is shown in drawing 3 . In addition, an experiment is H2 which humidified 
Air at the room temperature as fuel gas as oxidizer gas. Gas is used and they are the bottom of 
a 1000-degree C condition, and current density 300 mA/cm2. They are the conditions of 
carrying out. Moreover, since each cell after cell trial 1000-hour progress was disassembled and 
distribution of the chromium in an oxidizer pole cross section was measured by EPMA, the result 
is shown in drawin g 4 . in addition, the Measuring condition of EPMA — Vol-Amp.20kV-0.02A and 
Crystal LiF (Cr) it is . 

[0025] It turns out that degradation of the cell engine performance is the (A) cell of this 
invention, the (X) cell of the example of a comparison, the (B) cell of this invention, and the (Y) 
cell of the example of a comparison sequentially from a small thing so that clearly from drawing 

3 . Moreover, as for diffusion of the chromium from a separator etc. to the inside of an oxidizer 
pole, it also turns out that they are the (A) cell, the (X) cell, the (B) cell, and the (Y) cell 
sequentially from a small thing so that clearly from drawin g 4 . Therefore, drawing 3 and drawin g 

4 show that degradation of the cell engine performance advances from a separator etc. in 
proportion to the amount of the chromium diffused all over an oxidizer pole. 

[0026] Since a surface protective layer is not formed by side-face partial 6a of the oxidizer gas 
passageway 6 of the alloy separator 7 as the (Y) cell of the example of a comparison shows that 
the cell engine performance deteriorated most to drawing 2 (c) by the approach by the plasma 
metal spray, it is thought that it is because diffusion of the chromium in this part is large, 
moreover — gas — a connector — 13 — an oxidizer — a gas passageway — 12 — a front face 
— and — an oxidizer — gas — feeding and discarding — piping — 15 — inner skin — a front 
face — a protective layer — A — having formed — ( — A — ) — a cell — gas — a connector — 
13 — a grade — a front face — a protective layer — A — having not formed — ( — B — ) — a 
cell — an oxidizer — a pole — inside — chromium — diffusion — small — a cell — the engine 
performance — much more — improving — things — understanding . By the (B) cell, since this 
does not form the surface protective layer A in the front face of the oxidizer gas passageway 12 
of the gas connector 13, and the inner skin of the oxidizer gas feeding-and-discarding piping 15, 
it is considered to be because for diffusion of the chromium in this part to be large. 
[0027] The (A) cell of this invention is understood that diffusion of the chromium of HE in an 
oxidizer pole is small, and degradation of the cell engine performance is also small compared with 
the (X) cell of the example of a comparison. Since this was considered to be based on the 
difference of the surface protective layer formed in the front face of the oxidizer gas 
passageway 6 of a separator 7, it conducted the following experiments 2 and studied the cause. 
[Experiment 2] The alloy test piece (Cr:nickel:Fe=16wt%:76wt%:8wt%) of the same presentation as 
the alloy separator used for the (A) cell of this invention and the (X) cell of the example of a 
comparison was prepared, it applied so that it might become 20 micrometers in thickness about 
said slurries A and X for surface protections on this test piece, respectively, and it dried, and the 
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surface protective layers A al^R were formed. Next, since XRD analys^nn each surface 
protective layer was performed after leaving this alloy test piece at 1000 degrees C for 1000 
hours so that it may become the same conditions as the above-mentioned experiment 1, that 
result is shown in drawing 5 and drawing 6 , respectively. Drawing 5 is as a result of [ of the 
surface protective layer A ] XRD analysis, drawing 6 is as a result of [ of the surface protective 
layer X ] XRD analysis, and - is Cr 203. It is a peak and ** is La 203. What is a peak and does 
not attach the mark is CrO(La, Sr) 3. It is a peak. In addition, <> is the peak of an alloy test 
piece. 

[0028] At the surface protective layer X, it is Cr 203 so that clearly from drawin g 6 . A peak is 
seen and it turns out that diffusion of the chromium from an alloy separator front face cannot 
fully be controlled. This is La 203 which is easy to react with chromium in the surface protective 
layer X. Since it contains only 20wt(s)%, the all are Cr 203. It reacts and is LaCr03. Even if it 
makes it change, superfluous chromium is Cr 203 to the front face of an alloy separator. It is 
because it exists in a form. 

[0029] On the other hand, it is Cr 203 to the front face of an alloy separator so that clearly [ in 
the surface protective layer A ] from drawin g 5 . It turns out that it is not formed, this — the 
surface protective layer A — all — La 203 from — Cr 203 formed in an alloy separator front 
face since it changes all — La 203 reacting — LaCr03 It is thought that it is for changing. 
[Other matters] 

** Set in the above-mentioned example and it is La 203 as an A oxide. Although it was used, 
this invention is not limited to this at all, and even when chromium, such as CaO and SrO, and A 
oxide which is easy to react are used, it does the same effectiveness so. 

** As a location which forms the surface protective layer of this invention, it is not limited to the 
front face of the oxidizer gas passageway of a separator, the front face of the oxidizer gas 
passageway of a gas connector, and the inner skin of oxidizer gas feeding-and-discarding piping, 
conductivity is unnecessary, and if it is the location where diffusion of chromium poses a 
problem, it can form in any location again. 

** As a surface protective layer further formed in the rib part which touches the oxidizing agent 
pole of a separator Not the thing limited to said surface protective layer X but CoO (La1-M SrM) 
3 and MnO (La1-M SrM)3, (La1-M SrM) Cr03, SrFe03, and Sr0.6 Ce0.4 Mn03 etc. — a 
conductive high perovskite mold oxide — mainly — La 203 etc. — the same effectiveness is 
done so even when the matter which is easy to react is mixed with chromium about several 10%. 
[0030] 

[Effect of the Invention] As explained above, according to invention of this claim 1, diffusion of 
the chromium from an alloy separator can fully be controlled by about several 1 0-micrometer 
thinness, without thickening a surface protective layer, since a surface protective layer consists 
only of chromium and A oxide which is easy to react and the conductive ceramics is not mixed 
like before. Therefore, since the electrode activity fall by chromium mixing can be suppressed 
and loss by increase of the internal resistance of a cell can be mitigated, generating efficiency 
high to stability for a long period of time is maintainable. Moreover, since a surface protective 
layer does not have a fear of separating by oxidizer gas thinly enough, problems, such as closing 
an oxidizer gas passageway, are not produced, either. 

[0031] Moreover, according to invention of this claim 2, since the electrode activity fall by 
chromium mixing from cell configuration members, such as a gas connector and oxidizer gas 
feeding-and-discarding piping, can also be suppressed, generating efficiency high to stability 
much more for a long period of time is maintainable. 



[Translation done.] 
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<h t) d A £Wi&'&£^<=> fifc 9 iHlt2#X P * ? 

* KKftffljtf x *ie#-r sttftJs^fxiewEfF t &mz 

Am.it® (Att. Ca. Sr. Ba. Y. La. C 

mm. 

[0 0 0 1] 

[gSI±<D*iJ/B#ir] *%^ttH#:*^KS!^»*flfelC 
ML. BL<tt-t©-fe/tU— *©i&&fcMT*fc©T* 
£«, 

[0 0 0 2] 

1 0 0 0'C£^'5KMTfM&-r*fc«>. gSf&Wf'JJB*^ 

Cr,Oj (s) + 3/20 2 (g) 

»ft^a*S»»<Bft<8SO*»lC«J:oT. (La, Sr) 
MnOj, (La, Sr) CoO, , (La.Sr) C 
rO, 4S©»*tt*5 5y?;*a»&jS*ft?Bfc*B«« 
m&Mf&L, ^&*B*>£©^PA©iESt£ffllSiJL-T^ 
fc. L^L^*t&. ±127' 5 XT§»S^T1i, BMbftiJ 

a*fxaK»$H=*a««»*JS-fc#j«-r* ct*«B 

[0 0 0 6] f ^T, (La, Sr) MnOjffflil 

ttt7< v^x^x^ 'J— fbL. z.n&£> tennis—? 
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[ooo3] m7 awk<o^mmm»mmnmm»9M 

©S**Jfc£ST#*P»«HT?*D. H#«fl?S«l 1 
Sfl-L-TPSiBlcBMfcSIS 1 2 &tt«4fl| 1 3t^EHl£ 
*-fcJU 1 4 t, ^csij^xase 1 5Rrx*8»^xa» 1 
6 sttst^i/-^ i 7 £*£SK«ft«aa-&fc*i 

mzmmL. so. s^gi 2fl^«mgi 3«to 

-^Kgjfc^n&ttftiLTtt. (1) #X^iiiItt (ft 

. (2) (3) jngM5«tt. (4) mm&< 

«T^5Ci 0**©JS-tt) <S*Hgwr&ft*. c© 

ijftd) ~(4) ©*fr£*fcu miAtjtttw 

i - C r - F e 0li^t/t -fe^Sy 
[0 0 0 4] tt£iMft6ft-ti/'tl'--4r*tt/EI 

i o o o'c@aoi«iaT-^^-b/tu-rS'^[c^sn«»^ 
n&tfm&mmz£iT&w>-rz>tzisr>, t/^-^gs 
ice r 2 o 3 s±t-r«»fc%JB#»j££fta. i o o 
otosftifTftt. TESrtsiCd) fc«fcB»£-r*cr 

0 3 (g)©^BE*tl. 4X 1 O-s(atn) *§S£iS<. IMfc 
#I®*tC^Sn-g)^PA«C rO s (g)©«iT»^L, 

aas©«ffiffitt*«fiT-r * <t ^ ? 

[0 0 0 5] 

= 2 CrO, (g) (1) 

<Dm\&mwi&mzmmfz> z. t o , sm^xi 

Ic, ^DAtEJSL-a^ftJt (La,Oj?) 1 0 
[0 0 0 7] 

[SSWjW*ftL.J:3 £*-*■«] £C3*>\ ±12^*© 

0. imA©Rj£S»*|-r*ttH (La 2 0 3 ^) ttgc 
1 0 %gg Ld^-&SnT^feVi©T. ^t/tl/-^ 
fr<b<Di; PA©S£«*+»fCjlpSiJ-r« dtj^T^&V*. 

i/PA©&«^+»tcffli*J-r^.fc«6ictt*M 



♦ . 0 • 



(3) 



7-153469 



xa&gB#©*e«aJl£Jfi<-r*U£. gtft#J#XK=k 
[0 0 0 8] *5S«tt±KKHlc**. Sffl#gJl©J9 

*.£j|£<-a-m. u-^©»fl:»i;*f*»tt8Mi- 

6 © t? a A ©&&£+#{;: ffiiftj-f -5 d t**"I«feH# 
[0 0 0 9] 

ft. *W*JS 1 ©569!tt. H#«*K&4r'L-T*»S ) !: 

T. Mt2-k/^-^o^^J^7.fflK©*Stc, ?DA 
tSlSU^VsAK-fl:* (Ate, Ca, Sr. Ba, Y. 
La. C e ©•*»*> S3B&Sft**J>!&:< £«—ttV>tt=2£l . 
±©^»©ffl^-&:b-tf£:*-f. ] i^^saEMI^ 

[ooio] s/t. 20569m, wt2*«*3a 

l ©BflEttftJtSftfHMllitt. M<i%i'DA$M 

iW52#X 3 * X ^ tzWtfcMfJx £*&#T *IMI:»J#;**& 
Cr, 0 3 (s) + L a 2 0 3 (s) 
C r 2 0 3 (s) + 2 C aO(s) + 1/2 
C r 2 O, (s) + 2 S r O(s) +1/2 
LfciibT. ±12(1) SHctaCrO, (g) ©»£*»» 
fHSnafc*, £&Hr^U-*«ffl*>&HMI;ai*'*'v© 
*OA©i£«j&*«i*JSft*. £fc. ±12(1) iUciOfS 
£LfcCr0 3 jfcj&tt. ±a2^ffi«a«4"©^tC=to 

2CrO s (g) +La, O, (s) =2 

□ A©j£M+»lcWtl>ui:^Tti., Lfc#o 

ffi»«H«+^tc*< mom* x ic«k t>T«**n*^e 
n © t . bm t m is x a gg £ s <*i£ © m t> £ u & 

[0 0 14] #^;p©B8fl:#JSKtt^#J*x*»& 
#T3^fc$J#xai8£11x.fc;tfx:3*X;$' J ?>. z.013 

nmmisxmmzmimisx zmt-rzm 
9 j $>mtmjJx%iwm'g\mm'S&-trt t mm 

(c, <fcfe^nA£^trBH&^&a*&JBSft-5. b 

fc *« o x . # x n * * * ^awt ay is x mmmw s t> . 



#E*££3EKHiA*£#C, mti13Xi*9 9 v>mt 
^J^xaK©*®&^<tSJ^Xi^#EW©rt«®lC. 
XDAiSfSLB^A^fc^j (Ate, Ca. Sr. B 
a. Y. La. C e ©*a>5g&S*l tfc-^t 

v»tt— ^±©7c^©ffi*-^^ti-^^-r. ] a^fiS-as® 

[0 0 11] 

[f£ffl] ^fe^fe, ££ir/1U-^©UXgB#teSHr;?riJ 

(IP^. SE^J^xa^) tegHWJ&tigL&^fc 
ft^mtt^^Tfe^>„ ±I2*«*^ 1 ©f£HJi©iifi£lC 
J:*ite\ i»«ttACf:SftA^«»»K:. ASMbtt©*** 
&&**ffifii«JB&»j5fcL.;fc. £©A7C*teXnAJ;D 

SABOj) ©AIM h ICA-5. ^nv—9^M0M.\\L 

mxxw&%t>ft\zj&j$.i£nizmtmm (cr 2 o 3 £± 

i-T^.) 4>©^dAte. A«ft«|£fiJ6L-T 1 0 0 0V. 
OMTfe^f &^P^XA-f «ttt (ACr 
0 3 ) {C^ffc-r*. JlttfftSCte. AMtLTLa, 
0 3 . CaO. SrOSttfflmStlt Tf2SJfc5£ 
(2) ~(4) (CST^OlC^LaCrOj, CaCrO 
j. S r C rO s 0^^Dyx*^f MfttM 
fi£f -5. 
[0 0 12] 

= 2LaCr0 3 (s) (2) 

0 2 (g) =2 C a C r 0 3 (s) (3) 

0 2 (g) =2 S r C r 0 3 (s) (4) 
T. 09Atf. Tf2SJSiC(5) tc^-TJ;-5tc. •€-©£«]£ 

#;*£<4S«sn*©-c, *®^«*^m^jg^© 
x d a © j£ t> m m s n & . 

[0 0 13] 

LaCrOj (s) +3/2 0 2 (5) 

m j2 1. mm. \z 2 u a ©tem^*± v&t^5 mm&& z> . 

mmi37m&<Dm&mmitm-87i&im i g<Dtomm 
trt>, mas'&*-fc^u-^tH«©*iii«a»ejg/«L- 

/c©-e. ^fxn^^iS'^m^J^Xi^WBSW^ew^n 
A Ji A tC =fc -5 m^ffilt (ST 5r PP A S C <h €T -5 © 

[0 0 15] 
[*3fi^J] 

S*8W«»©WBHT* 0 . 3mol%-f y h'JT^JOffi 

5cmX15cm, J?*0. 2mm) *^LT. La,., Sr 
o., MnOj -YS Zfre>l&Z>mtm&2 t. NiO- 
YSZ*6l«««»«3t!jtESftT)ji5t^4S. « 
ft© U X* 5 T'^b»J^xaSS 6 b&BMfcSdtfXfll 
•fe/1 ^ 7 Rt/«ft© U ^8TI^XIK 9 €:fl?fi£ 

LfcjKs^xffl-t/iu-^ i o-n&ft-rztmz, ®m 



(4) 
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z.v>i3*zi*>;9 1 3 \zmmi3x&&&m i 4-&zmit 

■tnis—i? i o i^xzi*^;? i 3 t<Dr<n\zit. v 
v 97.15 5 X*t©#i*«tt JfSttHEBMM* 5 J** - JUtt 
1 6£3>aE£-&fc. Sfc. ttftrtM2 t 

•fe/tu— ^ i o torafcttny^r;U7x;uh 1 8£ES 

[0 0 16] WHB-feAU— ^ 7 -io. tfxn*^ i 
3&t«fl:»l*x«l&E*i 5 ttCTFQiUftoiHNtd* 

C r 1 6 w t % 

N i 7 6 w t % 

F e 8 w t % 

[0017] asr. ±te-t;u4^^T<o c kp{cLTf^sa 

Lit. M3(Dl»i:UTWS10. 5Mm©8mol 
%-f7hU7»^fty;i-3r7 (YSZ) 

-flSU IMfflX7'J-ilfc. 
[0 0 18] »fc*W«2©JRH£UT¥J5tfcai 
wmOL a 0 . 9 S r 0 ., Mn0 3 ¥i$feS 1 

tfmOYSZtf)*<!:^ffliL, cn^'fiaitT- 8 : 2 

L, »fti((Iffl^5>J-tt,fc. mFB2@^«i»»« 1 © 

.fc^fctttfU 4ft'fl 2 5 01CT2e 

IHHfefcbifc. m>T. if«EBft:««!K« 1 Ote*OHfc 
ME*fldW»l*?U-*Hli;<J*S 5 0 Mm<fc&.&<i; 

3ica#u i o otT4s#n 

[0019] ^ic, mitm-tt^mtrti'-* 7 <z>m.m 

0 2 (a) tC^TJ:a(C2a^<7)«B«®«A • X 
(*B«aBA©JgJ«) sp^&S 0.2/imOL a 2 0 3 

»6Q*BlcmG*HtiMJIlX?U--AejP3 2 0 Mm 

(tB§SIX©M) f^8tai/tmOLa u Sr 
o.,Cr0 3 ^680. 2 /imfflL a, 0,» 



fflir/t V-iP 7 CD') zf 5 ^gpdmlfe^aGUIfflX 5 'J - 

x£jp$ 5 o umiifcz^oizm-fii'. nzmz^Trnm 

[0 0 2 0] MIC. m 1 JC^f £o\Z, ft7Zl%.>7$ 1 
3 CQSHk3d;tfXiI8& 1 2 ©3?®Rt^L$J#7.i£gffl i g 

1 5©rt^®ICt>. Bfll2*S«afflX7'J-A<&. JP£ 

2 0 tfmt46i5K!tetU «2tTSBfiSlA 

[0 0 2 1] Z\C> HolZ^TfrmV fzmt&&. £AT 
(A) «fl&t»f-5. 

CHJS0iJ2] «fl:?Wifxffl-fe/xu— ^7©*H»c. SUE 
»IIA • x ^xn^i/^ l 3 
©8Kt&l#Xffl88 1 2 ©^®&oq&{fc?PJ;tf XiS&ilfflt 1 1 

[0 0 2 2] £©«i:5K:l/Tf1MBl/ifc*Jl&£. 

(b> m^i^-r-s. 

ittmmi) H2 (b) tc^-rjc^tc. ^b^j^xffl-t 

rtU—5> 7©Uy5^®tCfll2g®««fflX5U-XSr 

IX«nt*C, -fe/U — * 7 ©&{fcSU#XiIB& 
6©»;^), *B»«ffiX5'J-XS)IJF 2 0 (imt 

it. fixzi*?? i 3<Dmtmx7m$&i 2<vi& 

ffl77'J-XSfS2 0/tmta5i5l:ltU tt#ft 

[0 0 2 3] £©«fc'5K:UTfejSLfc«Jfi*\ KIT 
(X) mffii^-T-So 

Ht«fll2] 02(c) tcsvrj;?^ BMfcJWtfxfli-fe/t 
U-^ 7 OSHlcy^XT^WftCi^TL a 0 . 9 Sr 
o., C r0 3 m&m&-5 0 (imt*5J;?Mt5t* 
tC. tfxn*^ 1 3(D^kSiJ^XffiS§l 2£>3?®&.tf 
*<b»l*fXi(&»E*l 5 0ft»®Kt>, ^XVfcltSt 
CioTL a,., S r 0 ., C r 0 3 15:1*5 0 (imt 

[0 0 2 4] ^OJ;5fCbTfP«bfc«»*, 

(y) mmtmrrz. 

mmu ±.tttmw<D (a> «a- (b> 
koto (x) man- (y> ii^ffl^t. mmtuni&m 

H 2 #X£<£fflU 1 0 0 01CO*ttT. W.ffi&&3 6 
0mA/ci ! TfT^iV^^ffCa&S. ttffitSS* 
1 0 0 OI^W«iliaoft«ft*»«!L.T»fl;affi»r®fc 




(5) 



:|3t}5^aA©#:fiJ£rEPMAJ::«kDil!)3£L£:©T. * 
©^*Si4l;*t. M. EPMA«*frH Vol- 
Amp.20kV-0.02A, Crystal LiF(Cr) 1?$>Z>. 
[0 0 2 5].03*^iqe.*^<tp(C. mffitttgO^k 

te/h£^t>©*6«Bic#fgBjj© (a) mm. it&m<D 

(X) ft*, *^CD (B) tfc&#«J© (Y) 

TS^Ci^l.. 04*6BJ36*&J:5l;:, -fe 

<Dfr<Z,m\Z (A) (X) ft*. (B) ft*. 

(Y) mrTfeTab-SC LfctfoT, 0 

4*6, n*i'-?m&e>mfcMm<p^mm-rz>ira& 

©•EltfclL-T. WAttttO^MlfTT 
-5. 

[0 0 2 6] ttttW© (Y) «»*»«fc«»ttffi3i«*fb 

bfcott. ^7X7Mi:i5*fttli, 0 2 (c) \z 
^Tioic, ^&i:^u-*7©SMfc»i;tfxai&6©flS 

fc. litt**?* 1 3 ©IMflWtfxaiS 1 2©«®Kt>* 

(a) mm. H7s^99\ 3mz%tw&mmA 

£«fi&Lfc*ofc (B) mfl&cfcOfc, KflaWffif"^©* 
-5. itltt. (B) *?&Ttt, ^a^^l3©8ft 

swxas&i 2 o*ffiat«<kfflj!fxi(&»s* i sort 

»®K*ffi«HWA£}gjfcLTfcV>©-?. ;_©g&#T© 

[0 0 2 7] #3£BJ© (A) Mil itmmco (X) « 
fatCit^T. SfMS4 , A©^OA©feW3<. ft 

xa» 6 ommizBtfiTzmm&mmomm 

fc«tSt>©tJBt>n*©-C. EtT©^2S:fT^ j e-©Jl 
C*^2] #«|lj© (A) *?ifeR^tfc««0iJ© (X) 
r:Ni :Fe = 16wt%:76wt%:8wt%) 

SfB«MA»tfXSMl/&. ifcfc, H©^tt»M- 

*±e*«i tra— *frtft*«fc5fc i o o otTi o 

0 OI5IHItt«Lfc«. ^«®«»S(C*5t-t^.XRD^W 
£rTO £:©-?> -?-©^m*0 5S.t>*0 6lC*^^-r. Ill 
5tt«B«««A©XRD#'W18JrT?*0. 0 6teit® 
SlIXOXRDMimO, IttCr, 0 3 © fcf 
— i7t?ab0. DttL a 2 O s ©tf— ^T&O. EP©OU 
TVV&Ht>©tt (La, Sr) C r 0 3 ©tf— 

«. w. Ott-&&Ki*tf-©i;-i'"c*.&. 

[0 0 2 8] 0 6*6BJ?6*&cfc5{::, SBfillXf 

«, cr, o 3 ©tr-^*m6n, &<&±/tu-9&m 

* 6 © ^ D A ©i£«t ScffiJfMT € * V> C <h -5> . 
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Ctltt. ^ffifiaiXTIJi' DAifiJEUSUL a, O 
3 #2 0 w t Ui^t ^ ftt^aVifcft. -€-©±T*< 
C r s Oj iSfSLTL aCrO, {Cg£{fcc?-ttfc<*: LT 
t>, mmi3.9Ul A 1fi<£&±.M'- ^©^HICC rj o 3 
©^T#ffi-T-5fcJ6TfeS. 
[0 0 2 9] ZltllC»LT. glffillATB. 05* 
69§6*&«k3lC. -&^-fe/tl^-^©^®|cC rj O s 

*±TLa,0, *6(6«<DT. £&"fe/t V-9^M\Z 
M&ZtlZC r 2 0 3 «. fTL a 2 O, tKJ&LT. 
LaCrOj {C^kf-SfcfeT** <hJg*>ft-5. 
C^©<t!l©*JS] 
© ±tBIIJS^J{C*5^T«. AStttLTLajO, 
*fi6fflUfc*. *^ttH6^tl(ClS«Sn-5fe©Ttt 
fc<. CaO. S r O^CDi' DA tfifSLg^ASftft 

©*<tffl#xa»©*ififttWtffl;tfxi&»«*©rtH 
BHclBse3n*t>©Ttt&<. WmtWCFBT, J.t?. 

9 a A©tt«*»wiitft*»»fTr*n«. u>m©»w 

n-5fc©T«ft<, (La,.jSr,) CoO,, (L 

S r,) MnOj, (La H S r,) C r 
O a » SrFeO,, S r,., Ce,. 4 MnO,§Ol 
*tt©«^a:/X;&^ hSfflMfc4fc£±£UT, La, 
0,f©^PAtafvLl^ftS$»l 0%*§ftil-&L 

fc«-&-c>b. iRi*©S4*s*-r*. 

[0 0 3 0] 

[*w©aa*] a±i»BjLfc<k'5Jc*f»^i©»?gt 
<kmi mmummw. ^DAiasn^Atftft© 

**6J«0, fS!*©J:'3fca»*tt-fc5 3y^X*jB^L/ 
Tt^fc^©T, *««WB£JH<-r*£i&<. *10 
w mgg © 1$ £ T^-tr /t 1/ - 9 * 6 © ? □ A ©&& £ 
+5J-tCjp$'J - r-5Ci:*T#-5. Lfc*bT, ^ n AjgA 

^fxa»*a«p©raHt>^i;ft^. 

[0 0 3 1] *Ad, *»*fl2©5SWICJ:ftH ^XD 
^ i7 ^•^>K^iepJ^fX^#£ i ff«©«tt«^ffi«r* 6 © ^ 

[ia®©ffl#f<ciKBj] 

[01] *«W©-**«»c«*Hfl£«»Ha!«S»««l 
[0 2] *«W©a®«tt)BA*»J«Ufc'fc/^U— ^, 



(6) 
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0T&&. 

[0 3] *5£W<D (A) «&• (B) «j&Rtftfc!K0iJ© 

(x) mm- (y> m?&^ffl^T. ^&mst»&fTo 

[04] (A) mm- (B) «flfeRtXit^JcD 

(x)^ffi- (y> mm&m^T. i o o o mmmwtm. 
mui&&?r-3tz'&<DmimMmm<D2nAftiii (epm 

[0 5] ^sSSJM-±fC^figb/c*H«««AICiitt-5 
XRD/^->T*$5. 



[0 6] ^IS^M-±(C}gBELfc|g 
XRD/^->T*$S. 
[0 7] t£3l5©¥«g!JB#m8?fl3J: 

[^<DIK^] 
1 

2 ISHfcSJS 
3 
4 
6 
7 
A 



[01] 



, 5 £ffi«£«X 




[04] 



IKcps - 




(Y)m?& 



(a) 



0>) 



(0 




5 6 

/ 



6a 



[07] 




(72) ^BJ^ 



